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ABSTRACT. In this paper a reevaluation of the data published earlier by Khastgir 
e l a l  (1960) and Bhattaoharya et a l (1964) has been mode to obtain the attenuation 
ooefflcients of VLF radio waves. The wave-guide mode-equation deduced by Wait 
(1967, 1958) has been used and the results obtained are compared with those of Taylor and 
Lange (1958). Attempt is made to explain the discrepancies between the results of the 
different authors.
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IN T R O D U C T IO N
Ever since it had been established that lightning discharges radiated electro­
magnetic energy mainly in the VLF-band of frequencies, increasing attention of 
the various investigators in this field has been directed to the utilization of the 
naturally occuring VLF emissions for the study of the propagation characteristics 
of frequencies in the VLF-band. The main idea was to study how the spectra 
radiated by the lightning discharges varied with distance. Different workers 
adopted different techniques in recording and analysing the atmospherics or their 
waveforms for obtaining maximum information about the VLF-propagation with 
minimum possible assumptions. For example, Gardner (1950) recorded only 
the integrated levels of atmospheric noise on some chosen frequencies and studied 
how these levels changed with the time of the day. Bowe (1961), on the other 
hand, recorded tuned amplifier responses to individual sferios on certain chosen 
frequencies and determined how the radiation field on any frequency with respect 
to that on some reference firequenoy varied with distance. Similarly Chapman 
et al (1963), Taylor et al (1968), Taylor (1960), Hepburn (1969,1960) Obayashi 
ef al. (1959,1966), and Croom (1964) also studied the change in the radiated 
spectra of atmospherics with distance and obtained reasonably accurate values for 
the attenuation coefficients for the VLF-frequencies. Khastgir et al (1960) and 
Bhattaohaiyya et cU (1964) also made similar studies and following the method 
given by Bowe (1951) deduced how the ratio of field components on two 
firequendes varied with distance. In present {paper an attempt is made to 
obtain the absolute values of the attenuation coeffidents from the data 
published by Khastgir H d  (1960) and Bhattaohaiya et d  (1964).
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T H E  M E T H O D  OF A N A L Y S I S
WMe K h ast^  c* al (1960) recorded the tuned ampliBer responses on some 
selected frequencies only (usually four in number), Bhattaoharya et al (1964) 
su b jeo^  the recorded waveform to Fourier transformation by laborious 
numerical integration and obtained more or less continuous spectra within the 
range of 3-16 kc/s. These authors adopted the method given by Bowe (1951) 
which can be briefly summarised as follow^ :
The radiation field on any frequency /  at a distance d can be written as
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M(f.d) =  ^Sp , ^ , d ) (1)
where A{J) describes the source spectrum and p(f, d) represents the attenuation 
suffered by the component frequency /  and is a function of distance d. Obviously 
the distance occurring in the denominator accounts for the free-spacc decrement. 
If the amplitude at any frequeny /„  is measured relative to that at some reference 
frequency / q we can write,
F{Jn> d) _ Ajfn)
A U
p i Md) ... (2)
Now if we assume that A{f„)lA{f^) is statistically invariant, and if measurements 
are made on several lightning sources at different distances, then the ratio E{f„, d)j 
Afo> d) when plotted against d would indicate how p(f„, d)lp{fQ, d) behaves as a 
function of d. Following this argument of Bowe (1961) Khastgir et al (1960) 
and Bhattacharya et cd (1964) gave plots of E{f„, d)!E(f„, d) against d, for several 
values of /„.
It has now been established that the VLF-waves when propagated to great 
distances over earth behave as if they are propagated through the waveguide 
formed by the lower boundary of the ionosphere and the earth. Extensive theo­
retical work has been done by several workers on this aspect of the problem viz. 
Budden (1961), Wait (1962). The expression deduced by Wait (1957, 1958) has 
been used by Taylor et al (1958) and Croom (1964) with consistent results. The 
expression deduced by Wait is given by :
... (3)
whmie B{ft d) and A{f) have the same meaning as in (1) and «(/) is the attenuation
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ooeffioient in nepers and o is the radius of the earth. In vieW of (3), the left hand 
side of (2) can be written as
Taking logarithms we write :
(4)
(5)
Thus if the assumption is made that A(fn)JA(fo) is a statistical constant of the 
source, the plots of In against d would give a steaight line with a slope
equal to the relative attenuation ooeffioient [a(/o)-“ a(/n)]*
R E S U L T S  A N D  D I S C U S S I O N
The data given by Bhattaoharya et od (1964) for the ratio E(fn, d)lE(f^, d) 
for different distances are replotted satisfying the equation (6) in fig. 1. The
K *. 1 . Taiiation of 20 log with dittaooe d for ficeqnenoies /»  ■ ■  8,8,0,7,8,12
aad 18 ko/s. (The referenoe firagoenoy/o -■  10 ko/s.)
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Fig. 2. Attonuation Coefficients in db/1000 km for frequencies in the range 3-15 ko/s 
—Comparison with the results of other workers.
ordinates are expressed in db and straight line approximation holds good at almost 
aU the frequencies of 3, 5, 6, 7, 8, 12 and 15 kc/s. The reference frequency 
chosen by the authors was 10 kc/s and so the slopes of the straight lines in the 
figure correspond to the attenuation coefficients at the particular frequencies 
relative to that at 10 kc/s.
A similar calculation has been done for the data of Khsatgir et al (1960), 
and the relative attenuation coefficients have boon determined. It has been 
found in this case that the plots showing E{fn> d)jE{fQ, d) against d are too 
scattered to yield a straight line. This is due to the fact that the distances reported 
by Khastgir et al are rather small (the maximum distance being 1600,km) 
Since equation (3) takes into account only the dominant mode in the series re­
presentation of the field component, it is valid only when the distance from the 
source is very great. Nevertheless, mean straight lines are drawn through the 
scatter of points representing the data of Khastgir et al and the relative attonuation 
coefficients have been determined (these mean curves are not shown). The 
reference frequency chosen by Khastgir et al is 12 kc/s. In order to effect a 
comparison between the results thus obtained and those given by others, the values 
of a  a t 10 and 12 kc/s have been taken from Taylor et al (1958) and the relative 
attenuation coefficients have been converted into absolute umts. The final results 
are given table 1 and are illustrated in fig* 2.
I t  can be seen from fig. 2 that the results of Bhattacharya et dnhov a 
better general agreement with those of Taylor et al than the results o ®
et <d. The main reason for this is, as already mentioned, the relative y
Table 1
Attenuation coefBoients of VLF>waves for frequencies 3*15 ko/s
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/
Frequency 
in ko/s.
Attenuation ooeiHoient a in db/1000 Km.
Taylor and 
Lange*
Bhattaoharya 
and Bao
Khastgir and 
Srivastava
3
4
5
6
7
8 
9
10
11
12
13
14 
16
X
4.75 
3.88 
3.06
2.25 
2.10
2.26 
2.65 
2.25 
2.00 
1.50
1.76 
2.10
4.36
X
3.86
3.35
3.35 
2.65
X
(2.65)
X
2.16
X
X
1.00
X
X
X
6.00
3.00
2.80
1.20
1.60
X
(2.00)
X
X
X
• These values are obtained approximately from the curves given by Taylor and Lange. 
The €gures in brackets are taken from the data of Taylor and Lange for comparison (see text).
smaller distances of the lightning sources in the observations of Khastgir 
et al. Even between the curves corresponding to the data of Bhattacharya 
et al and to those of Taylor et al the discrepancies are quite apparant. 
The main source for these discrepancies is the assumption made by Bhattacharya 
a al regarding the constancy of spectral content of the source. Taylor 
et al (1958) overcame this unrealistic assumption by recording the same sferic 
at more than one station and by taking the ratio of the spectra at these stations. 
Also, while the data of Bhattacharya et al represent averages over a large 
number of sferics irrespective of the direction of travel, the terrain, etc, those of 
Taylor et al correspond to a few sferics originating from a particular storm.
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